Balance of electrostatic and hydrophobic interactions in the lysis of model membranes by E. coli alpha-haemolysin.
The relative weight of electrostatic interactions and hydrophobic forces in the process of membrane disruption caused by E. coli alpha-haemolysin (HlyA) has been studied with a purified protein preparation and a model system consisting of large unilamellar vesicles loaded with water-soluble fluorescent probes. Vesicles were prepared in buffers of different ionic strengths, or pHs, and the net surface charge of the bilayers was also modified by addition of negatively (e.g., phosphatidylinositol) or positively (e.g., stearylamine) charged lipids. The results can be interpreted in terms of a multiple equilibrium in which alpha-haemolysin may exist: aggregated HlyA <==> monomeric HlyA <==> membrane-bound HlyA. In these equilibria both electrostatic and hydrophobic forces are significant. Electrostatic forces become substantial under certain circumstances, e.g., membrane binding when bilayer and protein have opposite electric charges. Protein adsorption to the bilayer is more sensitive to electrostatic forces than membrane disruption itself. In the latter case, the irreversible nature of protein insertion may overcome electrostatic repulsions. Also of interest is the complex effect of pH on the degree of aggregation of an amphipathic toxin like alpha-haemolysin, since pH changes are not only influencing the net protein charge but may also be inducing protein conformational transitions shown by changes in the protein intrinsic fluorescence and in its susceptibility to protease digestion, that appear to regulate the presence of hydrophobic patches at the surface of the molecule, thus modifying the ability of the toxin to either aggregate or become inserted in membranes.